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Description 

[0001] The invention relates to a data carrier which 
includes receiving means for receiving a modulated car- 
rier signal which contains a data signal encoded in con- 5 
formity with an encoding method, demodulation means 
for demodulating the received modulated carrier signal 
and for outputting the encoded data signal contained 
therein, decoding means for decoding the encoded data 
signal and for outputting data, and data processing 
means for processing the data output by the decoding 
means. 

[0002] A data carrier of the kind set forth in the first 
paragraph is known from the document EP 0 669 591 
A2 and is formed by a so-called transponder. 
[0003] Data to be transmitted to the data carrier can 
be encoded in conformity with a pulse width encoding 
method by a transmitter station so as to form an encod- 
ed data signal and a carrier signal can be modulated 
with the encoded data signal by amplitude modulation. 
According to the pulse width encoding method, a data 
bit "0" of the data to be transmitted is encoded with a 
smaller number of carrier signal oscillations and a data 
bit "1" of the data to be transmitted is encoded with a 
larger number of carrier signal oscillations. The carrier 
signal oscillations of each data bit are separated from 
one another by a respective blanking interval in the en- 
coded data signal. 

[0004] The known data carrier includes receiving 
means which are formed by an antenna coil. A modu- 
lated carrier signal output by the transmitter station can 
be received by the receiving means. 
[0005] The data carrier also includes demodulation 
means for demodulating the received, modulated carrier 
signal by amplitude demodulation and for outputting the 
encoded data signal contained in the modulated carrier 
signal. 

[0006] By counting the carrier signal oscillations 
present between two blanking intervals in the encoded 
data signal, the decoding means of the known data car- 
rier determine whether a data bit "0" or a data bit "1" is 
present in the encoded data signal; the decoding means 
thus decode the encoded signal. Data bits determined 
by the decoding means are output as received data to 
processing means of the data carrier for the further 
processing of the received data. The processing means 
are formed by a control unit, a digital comparator and a 
memory. 

[0007] The known data carrier has been found to have 
the drawback that the data carrier is capable of decoding 
exclusively received encoded data signals which have 
been encoded in conformity with the pulse width encod- 
ing method. Consequently, data contained in received 
encoded data signals and encoded in conformity with a 
different encoding method in a transmitter station can- 
not be decoded by the decoding means of the known 
data carrier; therefore, such data cannot be processed 
by the data carrier. 



[0008] Furthermore, a special drawback is encoun- 
tered in that the decoding means of the known data car- 
rier are constructed in such a manner that they decode 
every received encoded data signal in conformity with 
the pulse width coding method and hence output false 
data when a received encoded data signal has been en- 
coded according to an encoding method other than the 
pulse width encoding method. Such false data could in- 
duce very faulty operation of the known data carrier; for 
example, the doors to a security zone could then be 
opened to a person who is not authorized to enter such 
a zone. 

[0009] It is an object of the invention to eliminate the 
described problems and to provide an improved data 
carrier of the kind set forth in the first paragraph. In a 
data carrier of the kind set forth in the first paragraph 
this object is achieved according to the invention in that 
the decoding means include at least a first decoding 
stage and a second decoding stage, the first decoding 
stage being arranged to decode a data signal encoded 
in conformity with a first encoding method whereas the 
second decoding stage is arranged to decode a data 
signal encoded in conformity with a second encoding 
method. 

[0010] This offers the advantage that the data carrier 
is arranged to decode data which is contained in a re- 
ceived encoded data signal and has been encoded in 
conformity with the first or the second encoding method. 
Known encoding methods are, for example, a Manches- 
ter encoding method, a pulse width encoding method, 
a Miller encoding method, a return-to-zero encoding 
method, a frequency shift keying or FSK encoding meth- 
od, or a phase shift keying or PSK encoding method. 
[0011] A special advantage is then achieved in that a 
data carrier is thus suitable for use in various fields of 
application, for example for access control systems or 
toll systems in which different encoding methods may 
be customary or even standardized. In this context, ref- 
erence is made, for example to a known "Approximity 
Standard" (ISO 14 443); according to this standard a 
Miller encoding method is used for communication with 
a data carrier of the type A whereas in the case of com- 
munication with a data carrier of the type B a No-Return- 
To-Zero encoding method is used. 
[0012] It has been found that the steps disclosed in 
Claim 2 are advantageously taken in a data carrier as 
disclosed in Claim 1. This offers the advantage that a 
decision stage of the data carrier decides which of the 
data output by the at least two decoding stages is to be 
used for further processing by means of the processing 
means. It is thus avoided that a data signal encoded by 
a transmitter station in conformity with a first encoding 
method is decoded in conformity with a second encod- 
ing method in one of the decoding stages of the data 
carrier and that false data output by this decoding stage 
are processed in the processing means. 
[0013] It has been found that it is advantageous to 
take the steps described in Claim 3 in a data carrier de- 
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vice as disclosed in Claim 2. This offers the advantage 
that the decision stage can decide which of the data out- 
put by a decoding stage exhibits the lowest error rate, 
for example on the basis of error rate information of the 
data output by the decoding stages, which error rate in- 
formation can be determined in the decoding stages, 
from redundancy information contained in the encoded 
data signal and constitutes decision supporting informa- 
tion. The decoding stage outputting the data having the 
lowest error rate then constitutes the decoding stage 
which is suitable for decoding the received encoded da- 
ta signal. 

[0014] It has been found that it is advantageous to 
take the steps disclosed in Claim 4 in a data carrier de- 
vice as disclosed in Claim 2. This offers the advantage 
that a transmitter station can supply the data carrier with 
decoding stage instruction information which is con- 
tained in the modulated carrier signal and is capable of 
characterizing the decoding stage of the data carrier 
which is arranged to decode an encoded data signal 
transmitted by the transmitter station in the modulated 
carrier signal after the decoding stage instruction infor- 
mation. A transmitter station communicating with the da- 
ta carrier can thus always specify the respective decod- 
ing stage suitable for the decoding of the encoded data 
signal contained in the modulated carrier signal trans- 
mitted by the transmitter station. 
[0015] It has been found that it is advantageous to 
take the steps of Claim 5 in a data carrier device as dis- 
closed in Claim 1 . The advantage is thus achieved that 
data received by the data carrier before the reception of 
a decision as to which decoding stage is suitable for the 
decoding of a received encoded data signal will not be 
lost. 

[0016] The steps disclosed in Claim 6 are advanta- 
geously taken in a data carrier device as disclosed in 
Claim 2. At the beginning of each communication oper- 
ation with a transmitter station for which it is not yet 
known which encoding method is used therein so as to 
encode the data to be transmitted, the decision stage 
then applies the data of the first decoding stage to the 
processing means which decode a received encoded 
data signal in conformity with an encoding method pref- 
erably used by transmitter stations. In the case of data 
carriers without storage stage this offers the advantage 
that most of the data received in the data carrier before 
a decision as to which decoding stage is suitable for the 
decoding of a received encoded data signal will not be 
lost. 

[0017] It has been found that the steps disclosed in 
Claim 7 are advantageously taken in a data carrier de- 
vice as described in Claim 1 . This offers the advantage 
that the data carrier is also arranged to transmit an en- 
coded data signal which is contained in a modulated car- 
rier signal and contains data which has been encoded 
in conformity with one of at least two different encoding 
methods. 

[0018] The invention will be described in detail here- 



inafter on the basis of two embodiments which are 
shown in the drawings, however, without the invention 
being restricted thereto. 

[0019] Fig. 1 shows a block diagram of a first embod- 

5 iment of a smart card according to the invention which 
is arranged for the contactless exchange of data with a 
base station, the smart card including two decoding 
stages for the decoding of received data signals encod- 
ed in conformity with a Retum-To-Zero encoding meth- 

10 od or a Miller encoding method. 

[0020] Fig. 2 shows a waveform of a data signal which 
has been encoded in conformity with a Manchester en- 
coding method and may be contained in a modulated 
carrier signal received by the smart card. 

15 [0021 ] Fig. 3 shows a waveform of a data signal which 
has been encoded in conformity with a pulse width en- 
coding method and may be contained in a modulated 
carrier signal received by the smart card. 
[0022] Fig. 4 shows a waveform of a data signal which 

20 has been encoded in conformity with the Miller encoding 
method and may be contained in a modulated carrier 
signal received by the smart card. 
[0023] Fig. 5 shows a waveform of a data signal en- 
coded in conformity with the Return -To-Zero encoding 

25 method and may be contained in a modulated carrier 
signal received by the smart card. 
[0024] Fig. 6 shows a waveform of a data signal which 
has been encoded in conformity with a frequency keying 
encoding method and may be contained in a modulated 

30 carrier signal received by the smart card. 

[0025] Fig. 7 shows a waveform of a data signal which 
has been encoded in conformity with a phase keying en- 
coding method and may be contained in a modulated 
carrier signal received by the smart card. 

35 [0026] Fig. 8 shows a waveform of a modulated car- 
rier signal which can be received by the smart card and 
contains a data signal encoded in conformity with the 
Return-To-Zero encoding method. 
[0027] Fig. 9 shows a waveform of the encoded data 

40 signal which is contained in the modulated carrier signal 
shown in Fig. 8 and is applied to the two decoding stages 
of the smart card, said decoding stages outputting in re- 
sponse thereto first and second data as shown in Fig. 9. 
[0028] Fig. 1 0 shows a block diagram of a second em- 

45 bodiment of a smart card according to the invention 
which is arranged for the contactless exchange of data 
with a base station, an encoded data signal received by 
the smart card in a modulated carrier signal being buff- 
ered in a storage stage prior to decoding by means of 

so the two decoding stages. 

[0029] Fig. 1 shows a block diagram of a smart card 
1 which constitutes a first embodiment of a data carrier 
according to the invention and is arranged for the con- 
tactless exchange of data with a base station 2. The 

55 base station 2 constitutes a ticket machine which is to 
debit an amount of 9 Euros to the balance due to the 
user of the smart card 1 which is stored as balance data 
in the smart card 1. To this end, the base station 2 in- 
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eludes data processing means 3 in which debit data AD 
representing the amount of 9 euros is stored as a bit 
sequence M 1001". 

[0030] The data processing means 3 are also ar- 
ranged to generate redundancy information RD on the 
basis of which the smart card 1 can recognize errors in 
the received debit data AD which have occurred during 
the transmission of the debit data AD from the base sta- 
tion 2 to the smart card 1 . The data processing means 
3 are arranged to generate the redundancy information 
RD by determining a sum of the bit sequence "1001" of 
the debit data AD. Redundancy data RD is then deter- 
mined as redundancy information which has the value 
"2" for the bit sequence "1 001 " of the debit data AD and 
corresponds to the bit sequence "10". 
[0031] Transmission data UD to be applied to the 
smart card 1 is formed by the data processing means 3 
by chaining the bit sequences of the debit data AD and 
the redundancy data RD. The transmission data UD is 
formed by the bit sequence "1 001 1 0" in the case of a bit 
sequence "1001" of the debit data AD and a data se- 
quence "1 0 W of the redundancy data RD. The described 
determination of transmission data UD is customarily 
performed in known smart cards; debit data AD may 
then be formed, for example by a bit sequence of 64 bits 
whereas redundancy data RD is formed by a bit se- 
quence of 1 6 bits. 

[0032] The Figs. 2, 3, 4, 5, 6 and 7 show waveforms 
of encoded data signals DS1 in which the bit sequence 
M 1001 10" of the transmission data UD has been encod- 
ed in conformity with six different known encoding meth- 
ods. In order to obtain the waveform of the encoded data 
signal DS1 (MA) shown in Fig. 2, a Manchester encoding 
method was applied; in order to obtain the signal wave- 
form of the encoded data signal DS1 (PW) shown in Fig. 
3, a pulse width encoding method was applied; in order 
to obtain the signal waveform of the encoded data signal 
DS1 (Ml) shown in Fig. 4, a Miller encoding method was 
applied; in order to obtain the signal waveform of the 
encoded data signal DS1 (RTZ) shown in Fig. 5, a Re- 
turn-To-Zero encoding method was applied; in order to 
obtain the waveform of the encoded data signal DS1 
(FSK) shown in Fig. 6, a frequency shift keying (FSK) 
encoding method was applied, and in order to obtain the 
waveform of the encoded data signal DS1 (PSK) shown 
in Fig. 7, a phase shift keying (PSK) encoding method 
was applied. A number of appropriate further encoding 
methods will be known to those skilled in the art. 
[0033] The data processing means 3 of the base sta- 
tion 2 also include encoding means for the encoding of 
bit sequences of transmission data UD, for example the 
bit sequence "100110", in conformity with the Retum- 
To-Zero encoding method. The encoding means of the 
data processing means 3 are capable of delivering the 
waveform of the encoded data signal DS1 (RTZ) with the 
bit sequence "100110" as shown in Fig. 5. 
[0034] The data processing means 3 of the base sta- 
tion 2 also include modulation means for modulating an 



encoded data signal DS1 (RTZ), output by the encoding 
means of the data processing means 3, by amplitude 
modulation. A carrier signal TS which has a carrier fre- 
quency of 1 3.56 MHz and a period duration T(TS) is then 
5 modulated with an encoded data signal DS1 (RTZ) out- 
put by the encoding means, the modulation depth being 
fixed at 100%. 

[0035] Fig. 8 shows a modulated carrier signal MTS 
which can be output by the modulation means and is 

10 formed, by the carrier signal TS during time intervals TA 
in which the encoded data signal DS1(RTZ) contained 
in the modulated carrier signal MTS has a high ampli- 
tude value. During further time intervals TB, in which the 
encoded data signal DS1(RTZ) contained in the modu- 

15 lated carrier signal MTS has a low amplitude value, no 
carrier oscillations of the carrier signal TS are contained 
in the modulated carrier signal MTS. 
[0036] The base station 2 also includes transmission 
and receiving means 4 whereto a modulated carrier sig- 

20 nal MTS produced by the data processing means 3 can 
be applied. The transmission and receiving means 4 are 
arranged to transmit a modulated carrier signal MTS, 
applied thereto by the data processing means 3, in an 
electromagnetic alternating field. The transmission and 

25 receiving means 4 are also arranged to receive a mod- 
ulated carrier signal MTS which is contained in an elec- 
tromagnetic alternating field and to output a received 
modulated carrier signal MTS to the data processing 
means 4 for the further processing of data contained in 

30 the modulated carrier signal MTS. 

[0037] The smart card 1 includes transmission and re- 
ceiving means 5 which are arranged to transmit a mod- 
ulated carrier signal MTS in a transmission mode of the 
smart card 1 and to receive a modulated carrier signal 

35 MTS in a receiving mode of the smart card 1 , said mod- 
ulated carrier signal MTS containing a data signal DS1 
encoded in conformity with an encoding method. A mod- 
ulated carrier signal MTS received by the transmission 
and receiving means 5 can be output via a terminal 6 of 

^0 the transmission and receiving means 5. 

[0038] A power supply stage 7 of the smart card 1 is 
connected to the terminal 6 of the transmission and re- 
ceiving means 5. The power supply stage 7 can receive 
a received modulated carrier signal MTS. The power 

^5 supply stage 7 is arranged to generate an operating volt- 
age by rectifying a modulated carrier signal MTS applied 
thereto. An operating voltage generated by the power 
supply stage 7 can be applied (in a manner not shown 
in Fig. 1 ) to further stages of the smart card 1 . 

so [0039] A clock extraction stage 8 of the smart card 1 
is also connected to the terminal 6 of the transmission 
and receiving means 5. The clock extraction stage 8 can 
be supplied with a received modulated carrier signal 
MTS. The clock extraction stage 8 is arranged to extract 

55 the clock of a received modulated carrier signal TS and 
to output an extracted carrier signal TS. 
[0040] The smart card 1 includes demodulation 
means 9 for demodulating a received modulated carrier 
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signal MTS and for outputting an encoded data signal 
DS1 contained in the modulated carrier signal MTS. The 
demodulation means 9 are connected to the terminal 6 
of the transmission and receiving means 5 and are ar- 
ranged to demodulate a received modulated carrier sig- 5 
nal MTS by amplitude demodulation. A carrier signal TS 
extracted by the clock extraction stage 8 can be applied 
to the demodulation means 9 for this purpose. An en- 
coded data signal DS1 contained in a received modu- 
lated carrier signal MTS can be output by the demodu- 
lation means 9. 

[0041] The smart card 1 includes decoding means 1 0 
which are arranged to decode an encoded data signal 
DS1 output by the demodulation means 9 and to output 
data D contained in the encoded data signal DS1 . 
[0042] The smart card 1 also includes data process- 
ing means 1 1 which are arranged to process the data 
output by the decoding means 1 0. To this end, the data 
processing means 11 include a microprocessor (not 
shown in Fig. 1 ) and storage means (not shown in Fig. 
1 ). The storage means of the data processing means 1 1 
store the previously mentioned balance data of the 
amount due to the user of the smart card 1 . The data 
processing means 11 can be supplied with the carrier 
signal TS extracted by the clock extraction stage 8 in 
order to process data. 

[0043] The decoding means 10 of the smart card 1 
include a first decoding stage 1 2 and a second decoding 
stage 13, the first decoding stage 12 being arranged to 
decode a data signal DS1 (RTZ) encoded in conformity 
with the retum-to-zero encoding method whereas the 
second decoding stage 13 is arranged to decode a data 
signal DS1 (Ml) encoded in conformity with the Miller en- 
coding method. 

[0044] This offers the advantage that the decoding 
means 10 of the smart card 1 are arranged to decode a 
received encoded data signal DS1 which has been en- 
coded in conformity with the Return-To-Zero encoding 
method in the base station 2 or in conformity with the 
Miller encoding method in a further base station. As a 
result, the smart card 1 can be used in a plurality of fields 
of application, for example for access control systems 
or toll systems, in which the Return -To-Zero code or the 
Miller code are customarily used or even standardized. 
It is thus advantageously possible to realize data carri- 
ers of the type A and the type B in conformity with an 
"Approximity Standard" (ISO 1 4 443) in the smart card 1 . 
[0045] The first decoding stage 1 2 and the second de- 
coding stage 1 3 can be supplied with an encoded data 
signal DS1 which is output by the demodulation means 
9 and contains the transmission data OD to be transmit- 
ted to the smart card 1 by the base station 2. The first 
decoding stage 12 is arranged to output first data D1 
after completion of the decoding operation in the first 
decoding stage 12. The second decoding stage 13 is 
arranged to output second data D2 after completion of 
the decoding operation in the second decoding stage 
13. 



[0046] It is to be noted that there are various factors 
which could influence the transmission of transmission 
data UD from a base station to the smart card 1; such 
factors could be the cause that data output by the de- 
coding means 10 of the smart card 1 do not correspond 
to the transmission data UD transmitted by the base sta- 
tion. One such factor occurs when the encoding means 
of a base station encode transmission data UD in con- 
formity with one encoding method and the decoding 
means 10 of the smart card 1 decode the received en- 
coded data signal DS1 in conformity with a different en- 
coding method. Another factor consists in the superpo- 
sition of a noise signal on the modulated carrier signal 
MTS during the transmission in the electromagnetic al- 
ternating field; such a noise signal introduces errors in 
the data output by the decoding means 10 during the 
demodulation by means of the demodulation means 9 
and/or during the decoding by means of the decoding 
means 10. 

[0047] The first decoding stage 12 evaluates the re- 
dundancy data RD contained in the first data D1 in order 
to check whether the received first data D1 correspond 
to the transmission data UD transmitted by the base sta- 
tion 2. The evaluation of the redundancy data RD con- 
tained in the first data D1 is performed in conformity with 
the generating of the redundancy data RD in the base 
station 2. To this end, the first decoding stage 12 calcu- 
lates the sum of digits of the bit sequence contained in 
the first data D1 and corresponding to the debit data AD. 
The result of this calculation is compared with the re- 
dundancy data RD contained in the first data D1 . 
[0048] If this comparison yields correspondence, it 
may be assumed that the first data D1 determined by 
the first decoding stage 12 correspond to the transmis- 
sion data UD transmitted to the smart card 1 by the base 
station 2. In this case positive first decision supporting 
information EUI1 can be output by the first decoding 
means 12. Decision supporting information EUI sup- 
ports a decision operation during which it is decided 
whether the decoding means 1 0 should output the first 
data D1 or the second data D2 to the data processing 
means 11 for further processing. 
[0049] However, if the described comparison does not 
reveal correspondence, it must be assumed that the first 
data D1 determined by the first decoding stage 1 2 do 
not correspond to the transmission data LID applied to 
the smart card 1 by the base station 2. In this case the 
first decoding means 12 output negative first decision 
supporting information EUI1. 

[0050] The second decoding stage 13 is capable of 
delivering second decision supporting information EUI2 
which is determined in the same way as the first decision 
supporting information EU1 1 , be it that debit data AD and 
redundancy data RD contained in the second data D2 
is then evaluated. 

[0051] The decoding means 10 of the smart card 11 
include a decision stage 14 which is arranged so as to 
decide which of the decoding stages 1 2 or 13 is suitable 
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to decode a received encoded data signal DS1 . To this 
end, the first decision supporting information EUI1 , de- 
termined by the first decoding stage 12, and the second 
decision supporting information EUI2, determined by 
the second decoding stage 13, can be applied to the 
decision stage 1 4. 

[0052] The decision stage 14 is arranged to decide, 
by evaluation of the received decision supporting infor- 
mation EUI1 and EUI2, which of the decoding stages 1 2 
or 13 is suitable to decode the received encoded data 
signal DS1 . The decision stage 1 4 decides that the first 
decoding stage 12 is suitable to decode the received 
encoded data signal DS1 if it receives positive first de- 
cision supporting information EUI1. Analogously, the 
decision stage 14 decides that the second decoding 
stage 1 3 is suitable to decode the received encoded da- 
ta signal DS1 if it receives positive second decision sup- 
porting information EUI2. In case positive decision sup- 
porting information EUI1 and EUI2 or negative decision 
supporting information EUI1 and EUI2 is output by the 
first decoding stage 1 2 as well as by the second decod- 
ing stage 13, the decision stage 1 4 is arranged to carry 
out further checks so as to decide which of the decoding 
stages 1 2 or 1 3 is suitable to decode the received en- 
coded data signal DS1 . For example, in such a case the 
smart card 1 can transmit request information to the 
base station 2; in response thereto the base station 2 
transmits the previously transmitted transmission data 
UD again. 

[0053] The decision stage 14 can apply decision in- 
formation El to the data processing means 1 1 , which de- 
cision information characterizes the decoding stage 1 2 
or 13 which is suitable to decode the received encoded 
data signal DS1 . The data processing means 1 1 are ar- 
ranged to process the first data D1 or the second data 
D2, depending on the decision information El applied 
thereto. 

[0054] The decoding means 1 0 of the smart card 1 
also include a storage stage 15 in which the first data 
D1 , output by the first decoding stage 12, and the sec- 
ond data D2, output by the second decoding stage 13, 
can be stored. The data processing means 11 are con- 
nected to the storage stage 1 5 in order to enable the 
reading out of first data D1 or the second data D2 after 
the appearance of decision information El from the de- 
cision stage 14. 

[0055] Including the storage stage 15 in the smart 
card 1 offers the advantage that data D1 and D2 output 
by the decoding stages 12 and 13 is first buffered and 
can be read out from the storage stage 1 5 by the data 
processing means 11 after the arrival of decision infor- 
mation El from the decision stage 1 4. Thus, data D1 and 
D2 received and decoded before the arrival of decision 
information El will not be lost. 

[0056] The operation of the smart card 1 upon recep- 
tion of a modulated carrier signal MTS will be described 
in detail hereinafter on the basis of a first example. Ac- 
cording to this first example, the base station 2 transmits 



the modulated carrier signal MTS which is shown in Fig. 
8 and contains the data signal DS1(RTZ) which has 
been encoded in conformity with the Retum-To-Zero en- 
coding method and contains the bit sequence n 10010 p 

5 of the transmission data UD. 

[0057] The modulated carrier signal MTS is received 
by the transmission and receiving means 5 so as to be 
applied to the demodulation means 9. The demodula- 
tion means 9 perform amplitude demodulation of the 

10 modulated carrier signal MTS shown in Fig. 8. 

[0058] Fig. 9 shows a waveform of the encoded data 
signal DS1 output by the demodulation means 9. Be- 
cause at this time the smart card 1 does not have infor- 
mation available as regards the encoding method used 

15 to encode the encoded data signal DS1 output by the 
demodulation means 9, the encoded data signal DS1 is 
applied to the first decoding stage 12 and to the second 
decoding stage 1 3. 

[0059] In the first decoding stage 1 2 the encoded data 

20 signal DS1 applied thereto is decoded in conformity with 
the Return-To-Zero method and the bit sequence 
"1001 10" shown in Fig. 9 is determined as the first data 
D1 . The first data D1 is applied to the storage stage 1 5 
so as to be stored. 

25 [0060] From the first data D1 the first decoding means 
12 then determine the bit sequence "1001" which cor- 
responds, on the basis of its position in the bit sequence 
"1 001 1 0" of the first data D1 , to the bit sequence of the 
debit data AD. In order to check whether this debit data 

30 AD corresponds to the debit data AD transmitted by the 
base station 2, the first decoding means 1 2 calculate the 
sum of the bit sequence "1 001 " with the value "2 n . This 
value "2", being the sum of the debit data AD contained 
in the first data D1 , is then compared with the reference 

35 data RD with the bit sequence "1 0" contained in the first 
data D1 ; this reference data also has the value n 2\ Be- 
cause the value of the sum of the debit data AD corre- 
sponds to the value of the reference data RD of the first 
data D1 , the first decoding stage 1 2 applies positive first 

40 decision supporting information EUI1 to the decision 
stage 14. 

[0061] In the second decoding stage 13 the encoded 
data signal DS 1 applied thereto is decoded in conform- 
ity with the Miller method. According to the Miller meth- 

*5 od, in the case of two successive bits "0" in a bit se- 
quence a time interval TB is awaited (as shown in Fig. 
4) during which the encoded data signal DS1 (Ml) has a 
low amplitude value; therefore, the second decoding 
stage 13 cannot decode the third bit, so that a a ?° is in- 

50 serted in the bit sequence "10?1 1 0° of the second data 
D2 shown in Fig. 9. The second data D2 shown applied 
to the storage stage 1 5 so as to be stored. 
[0062] From the second data D2 the second decoding 
means 1 2 then determine the bit sequence " 1 0? 1 " which 

55 corresponds, on the basis of its position in the bit se- 
quence "107110" of the second data D2, to the bit se- 
quence of the debit data AD. Because one bit of the debit 
data AD could not be reliably decoded, the second de- 
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coding means 13 output negative second decision sup- 
porting information EUI2 to the decision stage 14. 
[0063] On the basis of the received positive first deci- 
sion supporting information EUI1 and the negative sec- 
ond decision supporting information EUI2, the decision 
stage 14 then applies decision information El which 
characterizes the first decoding stage 12 to the data 
processing means 11. 

[0064] In response thereto the data processing 
means 1 1 read out the first data D1 stored in the storage 
stage 15 and determine the debit data AD contained in 
the first data D1 with the bit sequence M 1007 n corre- 
sponding to the value "9°. The data processing means 
11 then subtract the value "9" of the debit data AD from 
the balance data stored in the data processing means 
11 and store the calculated value as balance data again 
in the data processing means 11, so that the fare 
amounting to "9" euros has been debited to the account 
balance of the user of the smart card 1 . 
[0065] This offers the advantage that transmission 
data UD encoded by the base station 2 in conformity 
with the Return -To-Zero method as well as transmission 
data UD encoded in conformity with the Miller method 
by a further base station can be decoded by the decod- 
ing means 1 0 of the smart card 1 and hence can be proc- 
essed by the smart card 1 . Therefore, the smart card I 
can be used for a variety of fields of application. 
[0066] The operation of the smart card 1 upon recep- 
tion of a modulated carrier signal MTS will now be de- 
scribed in detail on the basis of a second example. The 
smart card 1 is also arranged to receive a modulated 
carrier signal MTS containing an encoded data signal 
DS1 which includes decoding stage instruction informa- 
tion Bl. Decoding stage instruction information Bl may 
in such case be formed by a special bit sequence, for 
example -HII", of the debit data AD. This debit data 
AD, having the bit sequence "1111 M , can be transmitted 
to the smart card 1 by the base station 2 in conformity 
with the previously described first example, and is ulti- 
mately read out from the storage stage 15 by the data 
processing means 11 for the further processing of the 
debit data AD. 

[0067] The data processing means 11 are arranged 
to output, in response to the appearance of the bit se- 
quence "1 1 1 1 " as the debit data AD, decoding stage in- 
struction information Bl to the decision stage 14. The 
decision stage 14 is arranged to decide, by evaluation 
of the decoding stage instruction information Bl applied 
thereto, which of the decoding stages 1 2 or 1 3 is intend- 
ed to decode a next encoded data signal DS1 that can 
be received. The decision stage 14 can supply the data 
processing means 1 with appropriate decision informa- 
tion El. 

[0068] This offers the advantage that the base station 
2 can supply the smart card 1 with decoding stage in- 
struction information Bl which is contained in the mod- 
ulated carrier signal MTS and is capable of characteriz- 
ing the decoding stage 12 or 13 intended to decode an 



encoded data signal DS1 transmitted in the modulated 
carrier signal MTS by the base station 2 after the trans- 
mission of the decoding stage instruction information Bl. 
The base station 2 can thus select for the smart card 1 
5 the decoding stage 12 or 13 of the smart card 1 which 
will be suitable for decoding the encoded data signal 
DS1. 

[0069] The smart card 1 includes encoding means 1 6 
for supplying an encoded data signal DS2, which en- 

io coding means include a first encoding stage 1 7 and a 
second encoding stage 1 8. In the transmission mode of 
the smart card 1 , the data processing means 1 1 can sup- 
ply the base station with third data D3 to be transmitted, 
i.e. to the first encoding stage 1 7 or to the second en- 

15 coding stage 1 8. The first encoding stage 1 7 is arranged 
to encode third data D3 applied thereto in conformity 
with the frequency keying encoding method and to out- 
put an encoded data signal DS2. The second encoding 
stage 18 is arranged to encode third data D3 applied 

20 thereto in conformity with the phase keying encoding 
method and to output an encoded data signal DS2 which 
contains the third data D3. 

[0070] The smart card 1 also includes modulation 
means 1 9 which are arranged to modulate the encoded 

25 data signal DS2 output by the encoding means 16 and 
to output a modulated carrier signal MTS. The modula- 
tion means 1 9 are arranged to modulate the encoded 
data signal DS2 applied thereto by way of load modula- 
tion as has since long been known. 

30 [0071] A modulated carrier signal MTS output by the 
modulation means 1 9 can be applied to the terminal 6 
of the transmission and receiving means 5 of the smart 
card 1 and transmitted to the base station 2 or to a fur- 
ther base station which is not shown in Fig. 1 . 

35 [0072] This offers the advantage that the smart card 
1 is also suitable for transmitting an encoded data signal 
DS2 which is contained in a modulated carrier signal 
MTS and contains third data D3 which has been encod- 
ed in conformity with the frequency keying method or 
the phase keying method. As a result, the smart card 1 
can be used in a plurality of fields of application in which 
communication with a base station is possible while uti- 
lizing only one of the said codes. 
[0073] Fig. 1 0 shows a block diagram of a base station 

45 2 and a smart card 1 which constitutes a second em- 
bodiment of a data carrier according to the invention. 
The second embodiment of the smart card 1 according 
to the invention corresponds to the first embodiment of 
the smart card 1 according to the invention; stages of 

so decoding means 20 of the second embodiment corre- 
spond to stages of the decoding means 10 of the first 
embodiment. The decoding means 20, however, include 
a storage stage 15 in which a received encoded data 
signal DS1 can be stored prior to the decoding by the 

55 first decoding stage 1 2 and the second decoding stage 
13. 

[0074] This offers the advantage that data received 
by the smart card 1 before a decision has been taken 
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as to which decoding stage 12 or 13 is suitable for de- 
coding a received encoded data signal DS will not be 
lost. 

[0075] It is to be noted that a data carrier according 
to the invention need not necessarily be provided with 
storage means for storing a received encoded data sig- 
nal or for storing data output by the decoding stages. 
However, it has been found that it is advantageous when 
in such a data carrier data D1 output by the first decod- 
ing stage are applied to the data processing means for 
further processing before the decision stage can decide 
which of the decoding stages is suitable for decoding a 
received encoded data signal DS1 . 
[0076] When the first decoding stage is then arranged 
to decode an encoded data signal in conformity with a 
method customarily used for the encoding of transmis- 
sion data UD by a base station, data of an encoded data 
signal DS1 received prior to the arrival of decision infor- 
mation El from the decision stage are usually already 
correctly decoded; this constitutes a major advantage. 
[0077] It is to be noted that decoding means of a data 
carrier according to the invention may also include 
three, five, ten or even more decoding stages, each of 
which decodes a received encoded data signal in con- 
formity with a respective different method. This offers 
the advantage that data signals encoded in conformity 
with a plurality of different codes can be decoded in the 
data carrier and that the data contained in the encoded 
data signals can be processed. 

[0078] Furthermore, it is to be noted that encoding 
means of a data carrier according to the invention may 
also include three, five, ten or even more encoding stag- 
es for encoding third data to be transmitted to a base 
station in conformity with a plurality of different encoding 
methods. The respective coding stage used can then be 
defined by the data processing means of the data carrier 
according to the invention but also by the base station, 
communicating with the data carrier, by transmission of 
encoding stage instruction information. 
[0079] It is to be noted that demodulation means of a 
data carrier according to the invention may also include 
several demodulation stages which are arranged to de- 
modulate modulated carrier signals which have been 
modulated by amplitude modulation with different mod- 
ulation depths. This offers the advantage that amplitude 
modulated carrier signals with modulation depths of, for 
example, 1 0%, 20%, 50% or 70% can also be demod- 
ulated. 

[0080] It is also to be noted that a decoding stage can 
output negative decision supporting information EUI, for 
example, also if the error rate of the data determined in 
the decoding stage exceeds a given error rate threshold. 
[0081] It is also to be noted that the inclusion of at 
least two decoding stages is also advantageous in a da- 
ta carrier which is arranged to demodulate a received 
modulated carrier signal which has been modulated by 
frequency modulation or phase modulation. 
[0082] Finally, it is to be noted that if a data signal DS1 



(PSK), as is shown in Fig. 7, encoded in conformity with 
the phase keying code, would be decoded by a decod- 
ing stage which decodes encoded data signals DS1 in 
conformity with the frequency keying code, the output 
5 for all bits of the transmission data were bits "1 M or bits 
"0". For this case the decision stage is arranged to de- 
cide, by checking the reference data contained in the 
transmission data, which of the decoding stages is suit- 
able for decoding the encoded data signal. 

10 

Claims 

1 . A data carrier (1 ) which includes 

is receiving means (5) for receiving a modulated car- 
rier signal (MTS) which contains a data signal (DS1 ) 
encoded in conformity with an encoding method 
(MA, PW, Ml, RTZ, FSK, PSK), and 
demodulation means (9) for demodulating the re- 

20 ceived modulated carrier signal (MTS) and for out- 
putting the encoded data signal (DS1) contained 
therein, and 

decoding means (10,20) for decoding the encoded 
data signal (DS1) and for outputting data (D1 , D2), 
25 and 

data processing means (1 1 ) for processing the data 
(D1 , D2) output by the decoding means (10, 20), 
characterized in that 

the decoding means (1 0, 20) include at least a first 
30 decoding stage (12) and a second decoding stage 
(13), the first decoding stage (12) being arranged 
to decode a data signal (DS1 ) encoded in conform- 
ity with a first encoding method(RTZ) whereas the 
second decoding stage (1 3) is arranged to decode 
35 a data signal (DS1 ) encoded in conformity with a 
second encoding method (Ml). 

2. A data carrier (1 ) as claimed in Claim 1 , character- 
ized in that the decoding means (1 0, 20) include a 

40 decision stage (14) which is arranged to decide 
which of the decoding stages (12, 1 3) is suitable to 
decode a received encoded data signal (DS1 ). 

3. A data carrier (1 ) as claimed in Claim 2, character- 
's ized in that the decision stage (14) can receive de- 
cision supporting information (EUI1, EUI2) from at 
least one of the at least two decoding stages (12, 
13), and that the decision stage (14) is arranged to 
decide, by evaluation of the decision supporting in- 

50 formation (EUM , EUI2) applied thereto, which of the 
decoding stages (12, 13) is suitable to decode a re- 
ceived encoded data signal (DS1 ). 

4. A data carrier ( 1 ) as claimed in Claim 2, character- 
55 ized in that the data carrier (1) is arranged to re- 
ceive a modulated carrier signal (MTS) which con- 
tains an encoded data signal (DS1 ) containing de- 
coding stage instruction information (Bl), and that 
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the decision stage (14) is arranged to decide, by 
evaluation of the decoding stage instruction infor- 
mation (Bl) applied thereto, which of the decoding 
stages (12, 13) is arranged to decode an encoded 
data signal (DS1 ) that can be received next. 

5. A data carrier (1 ) as claimed in Claim 1 , character- 
ized in that the decoding means (10, 20) include a 
storage stage (15) in which a received encoded da- 
ta signal (DS1) can be stored prior to the decoding 
by one of the at least two decoding stages (1 2,13), 
or in which data output by at least one of the at least 
two decoding stages (12, 13) can be stored after 
the decoding by these decoding stages (12, 13). 

6. A data carrier (1 ) as claimed in Claim 2, character- 
ized in that, before the decision stage (1 4) can de- 
cide which of the decoding stages (12, 13) is suita- 
ble for the decoding of a received encoded data sig- 
nal (DS1), data (D1) output by the first decoding 
stage (12) can be output to the data processing 
means (1 1 ) for further processing. 

7. A data carrier (1 ) as claimed in Claim 1 , character- 
ized in that the data carrier (1 ) includes encoding 
means (16) for outputting an encoded data signal 
(DS2), which encoding means include at least a first 
encoding stage (17) and a second encoding stage 
(18), the first encoding stage (17) being arranged 
to encode data (D3) in conformity with a third meth- 
od (FSK) whereas the second encoding stage (18) 
is arranged to encode data (D3) in conformity with 
a fourth method (PSK), that the data carrier (1 ) in- 
cludes modulation means (19) which are arranged 
to modulate the encoded data signal (DS2) output 
by the encoding means (1 6) and to output a modu- 
lated carrier signal (MTS), and that the data carrier 
(1) also includes transmission means (5) which are 
arranged to transmit the modulated carrier signal 
(MTS). 



Patentanspruche 

1 . Datentrager (1 ) mit 

Empfangsmitteln (5) zum Empfangen eines modu- 
lierten Tragersignals (MTS), das ein gemaB einem 
Codierverfahren (MA, PW, Ml, RTZ, FSK, PSK)co- 
diertes Datensignal (DS1) enthalt, und mit 
Demodulationsmitteln (9) zum Demodulieren des 
empfangenen modulierten Tragersignals (MTS) 
und zum Abgeben des darin enthaltenen codierten 
Datensignals (DS1) und mit Decodiermitteln (10, 
20) zum Decodieren des codierten Datensignals 
(DS1) und zum Abgeben von Daten (D1, D2) und 
mit 

Datenverarbeitungsmitteln (11) zum Verarbeiten 
dervon den Decodiermitteln (10, 20) abgegebenen 



Daten (D1 , D2), 

dadurch gekennzeichnet , daB 

die Decodiermittel (10, 20) zumindest eine erste 
Decodierstufe (1 2) und eine zweite Decodierstufe 

5 (13) aufweisen, wobei die erste Decodierstufe (1 2) 
zum Decodieren eines gemaB einem ersten Codier- 
verfahren (RTZ) codierten Datensignals (DS1 ) und 
die zweite Decodierstufe (13) zum Decodieren ei- 
nes gemaB einem zweiten Codierverfahren (Ml) co- 

10 dierten Datensignals (DS1) ausgebildet ist. 

2. Datentrager (1) nach Anspruch 1, dadurch ge- 
kennzeichnet daB die Decodiermittel (1 0, 20) eine 
Entscheiderstufe (14) aufweisen, die zum Entschei- 

15 den ausgebildet ist, welche der Decodierstufen (1 2, 
13) zum Decodieren eines empfangenen codierten 
Datensignals (DS1) geeignet ist 

3. Datentrager (1) nach Anspruch 2, dadurch ge- 
20 kennzeichnet , daB die Entscheiderstufe (14) Ent- 

scheidungsunterstutzungsinformationen (EUI1 , 
EUI2) von zumindest einer der zumindest zwei De- 
codierstufen (12, 13) empfangen kann und daB die 
Entscheiderstufe (14) durch Auswerten der ihr zu- 
25 gefuhrten Entscheidungsunterstutzungsinformatio- 
nen (EUI1 , EUI2) zum Entscheiden ausgebildet ist, 
welche der Decodierstufen (12, 13) zum Decodie- 
ren eines empfangenen codierten Datensignals 
(DS1) geeignet ist. 

30 

4. Datentrager (1) nach Anspruch 2, dadurch ge- 
kennzeichnet , daB der Datentrager (1 ) zum Emp- 
fangen eines modulierten Tragersignals (MTS) aus- 
gebildet ist, in dem ein eine Decodierstufen-Be- 

35 fehlsinformation (Bl) aufweisendes codiertes Da- 
tensignal (DS1 ) enthalten ist, und daB die Entschei- 
derstufe (14) durch Auswerten der ihr zugefuhrten 
Decodierstufen-Befehlsinformation (Bl) ausgebil- 
det ist zu entscheiden, welche der Decodierstufen 

fo (12, 13) zum Decodieren eines codierten Datensi- 
gnals (DS1 ) vorgesehen ist, das nachfolgend emp- 
fangen werden kann. 

5. Datentrager (1) nach Anspruch 1, dadurch ge- 
45 kennzeichnet , daB die Decodiermittel (1 0, 20) eine 

Speicherstufe (15) aufweisen, in der ein empfange- 
nes codiertes Datensignal (DS1) vor der Decodie- 
rung durch eine der zumindest zwei Decodierstufen 
(12, 13) gespeichert werden kann Oder in der von 
so zumindest einer der zumindest zwei Decodierstu- 
fen (12, 13) nach der Decodierung durch diese De- 
codierstufe (12, 13) abgegebene Daten (D1, D2) 
gespeichert werden konnen. 

55 6. Datentrager (1) nach Anspruch 2, dadurch ge- 
kennzeichnet , dass, bevor von der Entscheider- 
stufe (14) entschieden werden kann, welche der 
Decodierstufen (12, 13) zum Decodieren eines 
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empfangenen codierten Datensignals (DS1 ) geeig- 
net ist, von der ersten Decodierstufe (12) abgege- 
bene Daten (D1 ) zur weiteren Verarbeitung an die 
Datenverarbeitungsmittel (11) abgegeben werden 
konnen. 

7. Datentrager (1) nach Anspruch 1, dadurch ge- 
kennzeichnet , daB der Datentrager (1 ) Codiermit- 
tel (1 6) zum Abgeben eines codierten Datensignals 
(DS2) aufweist, welche Codiermittel zumindest ei- 
ne erste Codierstufe (17) und eine zweite Codier- 
stufe (18) enthalten, wobei die erste Codierstufe 
(17) zum Codieren von Daten (D3) gemaB einem 
dritten Codierverfahren (FSK) und die zweite Co- 
dierstufe (18) zum Codieren von Daten (D3) gemaB 
einem vierten Codierverfahren (PSK) ausgebildet 
ist, daR der Datentrager (1) Modulationsmittel (19) 
aufweist, die zum Modutieren des von den Codier- 
mitteln (16) abgegebenen codierten Datensignals 
(DS2) und zum Abgeben eines modulierten Trager- 
signals (MTS) ausgebildet sind, und dal3 der Daten- 
trager (1) weiterhin Sendemittel (5) aufweist, die 
zum Senden des modulierten Tragersignals (MTS) 
ausgebildet sind. 



Revendications 

1. Support de donnees (1 ) qui comprend : 

des moyens de reception (5) pour recevoir un 
signal porteur module (MTS) qui contient un si- 
gnal de donnees (DS1 ) code conformement a 
un procede de codage (MA, PW, Ml, RTZ, FSK, 
PSK), et 

des moyens de demodulation (9) pour demo- 

duler le signal porteur module (MTS) regu et 

pour fournir le signal de donnees code (DS1 ) 

contenu dans celui-ci, et 

des moyens de decodage ( 1 0,20) pour decoder 

le signal de donnees code (DS1 ) et pour fournir 

des donnees (D1 , D2), et 

des moyens de traitement de donnees (11) 

pour traiter les donnees (D1 , D2) foumies par 

les moyens de decodage (10,20), 

caracterise en ce que 

les moyens de decodage (1 0,20) comprennent au 
moins un premier etage de decodage (12) et un 
deuxieme etage de decodage (13), le premier etage 
de decodage (12) etant prop re a decoder un signal 
de donnees (DS1) code conformement a un pre- 
mier procede de codage (RTZ) tandis que le deuxie- 
me etage de decodage (13) est propre a decoder 
un signal de donnees (DS1 ) code conformement a 
un deuxieme procede de codage (Ml). 

2. Support de donnees (1 ) suivant la revendication 1 , 



caracterise en ce que les moyens de decodage 
(10,20) comprennent un etage de decision (14) qui 
est propre a decider lequel des etages de decodage 
(12, 13) est approprie pour decoder un signal de 
5 donnees code (DS1 ) regu. 

3. Support de donnees (1 ) suivant la revendication 2, 
caracterise en ce que I'etage de decision (1 4) peut 
recevoir des informations d'aide a la decision (EUI1 , 

10 EUI2) d'au moins un des au moins deux etages de 
decodage (12,1 3), et en ce que I'etage de decision 

(14) est propre a decider, par evaluation des infor- 
mations d'aide a la decision (EUI1, EUI2) foumies 
a celui-ci, lequel des etages de decodage (12, 13) 

15 est approprie pour decoder un signal de donnees 
code (DS1) regu. 

4. Support de donnees (1 ) suivant fa revendication 2, 
caracterise en ce que le support de donnees (1) 

20 est propre a recevoir un signal porteur module 
(MTS) qui contient un signal de donnees code 
(DS1) contenant des informations destruction 
d'etage de decodage (Bl), et en ce que I'etage de 
decision (14) est propre a decider, par evaluation 

25 des informations destruction d'etage de decodage 
(Bl) fournies a celui-ci, lequel des etages de deco- 
dage (12, 13) est propre a decoder un signal de 
donnees code (DS1 ) qui peut etre regu ensuite. 

30 5. Support de donnees (1 ) suivant la revendication 1 , 
caracterise en ce que les moyens de decodage 
(10,20) comprennent un etage de memorisation 

(15) dans lequel un signal de donnees code (DS1) 
regu peut etre memorise avant le decodage par un 

35 des au moins deux etages de decodage (12, 13), 
ou dans lequel des donnees fournies par au moins 
un des au moins deux etages de decodage (1 2, 1 3) 
peuvent etre memorisees apres le decodage par 
ces etages de decodage (12, 13). 

40 

6. Support de donnees (1 ) suivant la revendication 2, 
caracterise en ce que, avant que i'etage de deci- 
sion (14) ne puisse decider lequel des etages de 
decodage (12, 13) est approprie pour le decodage 
<5 d'un signal de donnees code (DS1) regu, des don- 
nees (D1 ) foumies par le premier etage de decoda- 
ge (12) peuvent etre foumies aux moyens de trai- 
tement de donnees (11) pour la suite du traitement. 

50 7. Support de donnees (1 ) suivant la revendication 1 , 
caracterise en ce que le support de donnees (1) 
comprend des moyens de codage (16) pour fournir 
un signal de donnees code (DS2), lesquels moyens 
de codage comprennent au moins un premier etage 

55 de codage (1 7) et un deuxieme etage de codage 
(18), le premier etage de codage (17) etant propre 
a coder des donnees (D3) conformement a un troi- 
sieme procede (FSK) tandis que le deuxieme etage 
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de codage (18) est propre a coder des donnees 
(D3) conformement a un quatrieme procede (PSK), 
en ce que le support de donnees (1 ) comprend des 
moyens de modulation (19) qui sont propres a mo- 
duler le signal de donnees code (DS2) fourni par 5 
les moyens de codage (1 6) et a fournir un signal 
porteur module (MTS), et en ce que le support de 
donnees (1) comprend egalement des moyens 
d 'emission (5) qui sont propres a transmettre le si- 
gnal porteur module (MTS). 10 
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